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FIG. 6E
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CODE READING DEVICE AND CODE
READING METHOD

TECHNICAL FIELD

The present mvention relates to an optical code reading
device and code reading method for detecting positions.

BACKGROUND ART

Conventionally, there has been a code reading device that
reads and encode a part of a plurality of dot marks to provide
positional information indicating a position of that part of the
dot marks (for example, see Patent Literature (PTL) 1).

CITATION LIST

Patent Literature

|[PTL 1]
Japanese Unexamined Patent Application Publication

(Translation of PCT Application) No. 2003-529833

SUMMARY OF INVENTION

Technical Problem

However, such a conventional configuration has a problem
of high computational complexity.

An object of the present invention 1s to solve the conven-
tional problem mentioned above and provide a code reading,
device capable of obtaining code information with a reduced
computational complexity.

Solution to Problem

In order to solve the above-mentioned conventional prob-
lem, a code reading device according to an aspect of the
present invention reads a part of a plurality of dot marks
located 1n a predetermined matrix arrangement displaced in a
first direction or a second direction crossing the first direction
from virtual lattice points specified by the first direction and
the second direction and encodes the read part of the dot
marks to provide positional information indicating a position
of the part of the dot marks. The code reading device includes
aneighbor searching and voting unit configured to, for each of
the part of the dot marks, (1) search for at least four neighbor-
ing dot marks, (11) calculate coordinate values of the at least
four neighboring dot marks that have been searched for, using
cach of the part of the dot marks as a reference point, and (i11)
vote on the calculated coordinate values of the at least four
neighboring dot marks in a two dimensional plane; a direction

detecting unit configured to determine the first direction and
the second direction from voting results obtained by the
neighbor searching and voting unit; an order determining unit
configured to determine a raster order for the part of the dot
marks based on the first direction and the second direction
determined by the direction detecting unit; and a code detect-
ing unit configured to (1) obtain coordinate values of the part
of the dot marks, (11) determine lattice points based on the
obtained coordinate values of the part of the dot marks and the
raster order, and (111) detect a relative position of each of the
lattice points to a closest dot mark among the part of the dot
marks according to the raster order, thereby encoding the read
part of the dot marks to provide the positional information.
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2

This makes 1t possible to detect code information with a
less computational complexity than the conventional technol-
ogy and to make a robust estimate.

It should be noted that these general and specific aspects
may be realized by a method.

Advantageous Effects of Invention

With the code reading device according to the present
ivention, 1t becomes possible to obtain code information
with a reduced computational complexity. Thus, the process
ol obtaining the code information can be executed by hard-
ware with a small circuit scale and function. Consequently,
the size and power consumption of the code reading device
can be reduced.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates a configuration of an input apparatus
including a code reading device mn an embodiment of the
present 1nvention.

FIG. 2 1s a block diagram showing the input apparatus 1n
the embodiment of the present invention.

FIG. 3 1s a diagram for describing an image of a plurality of
dot marks captured by an optical digital pen on a display
surface of a display unit of a tablet terminal 1n FIG. 1.

FIG. 4 1llustrates an example of encoding dot mark posi-
tions.

FIG. S1llustrates a configuration of the code reading device
in the embodiment of the present invention.

FIG. 6A 1s a flowchart showing a process carried out by the
code reading device i the embodiment of the present inven-
tion.

FIG. 6B 1s a flowchart showing a neighbor searching and
voting process 1n the embodiment of the present invention.

FIG. 6C 1s a flowchart showing a direction detecting pro-
cess 1 the embodiment of the present invention.

FIG. 6D 1s a flowchart showing an order determining pro-
cess 1in the embodiment of the present invention.

FIG. 6E 1s a flowchart showing a code detecting process 1n
the embodiment of the present invention.

FIG. 7 1s a diagram for describing the neighbor searching
and voting process carried out by a neighbor searching and
voting unit in the code reading device 1 the embodiment of
the present invention.

FIG. 8 1s a diagram for describing the direction detecting
process carried out by a direction detecting unit in the code
reading device i the embodiment of the present invention.

FIG. 9 1s a diagram for describing the order determining
process carried out by an order determining unit in the code
reading device 1in the embodiment of the present invention.

FIG. 10 1s a diagram for describing the code detecting
process carried out by a code detecting unit 1n the code read-
ing device 1n the embodiment of the present invention.

FIG. 11 1s a diagram for describing the code detecting
process carried out by a code detecting unit 1n a code reading
device 1 Variation (1).

DESCRIPTION OF EMBODIMENT

(Underlying Knowledge Forming Basis of the Present
Invention)

In relation to the code reading method described 1n the
Background Art section, the inventors have found the follow-
ing problem.

FIG. 4 1llustrates an example of encoding dot mark posi-
tions located at a distance from individual lattice points 102 in
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an arbitrary direction. Here, (a) 1n FIG. 4 shows a relationship
101 between dot marks 103 and code values 104 indicated by
the respective dot marks 103. Then, (b) in FIG. 4 shows a
pattern 110 of a plurality of dot marks 112, which 1s an
exemplary arrangement of the plurality of dot marks 112 that
are assumed to be arranged 1n a 4x4 matrix, vertically by
horizontally, 1n a raster order indicated by a dashed arrow
111. Further, (d) in FIG. 4 shows an encoding result 113,
which 1s a result of encoding the individual dot marks 1n the
pattern 110. Finally, a code string 114 1s derived.

Additionally, 11 the relationship falls apart between a cam-
era for reading codes and a plane in which the dot marks
expressing the codes are present, a lattice frame necessary for
the encoding 1s three-dimensionally distorted as shown 1n a
pattern 120, for example.

PTL 1 estimates the distortion of the lattice frame by a
spatial frequency analysis. PTL 1 carries out a two-dimen-
sional Fourier analysis of the dot marks to detect peak values
in a frequency plane and then estimates the distortion of the
lattice frame 1n three dimensions from the detected peak
values. Next, the dot marks are rotation-corrected into a space
ol a distortion-iree lattice frame, followed by encoding. How-
ever, the conventional configuration described above carries
out the Fourier analysis, etc. using many trigonometric func-
tions, thereby increasing the computational complexity.
Therefore, when implementing the conventional configura-
tion as hardware, the circuit scale increases.

In order to solve such a problem, a code reading device
according to an aspect of the present invention reads a part of
a plurality of dot marks located 1n a predetermined matrix
arrangement displaced 1n a first direction or a second direc-
tion crossing the first direction from virtual lattice points
specified by the first direction and the second direction and
encodes the read part of the dot marks to provide positional
information indicating a position of the part of the dot marks.
The code reading device includes a neighbor searching and
voting unit configured to, for each of the part of the dot marks,
(1) search for at least four neighboring dot marks, (11) calculate
coordinate values of the at least four neighboring dot marks
that have been searched for, using each of the part of the dot
marks as a reference poit, and (111) vote on the calculated
coordinate values of the at least four neighboring dot marks 1n
a two dimensional plane; a direction detecting unit configured
to determine the first direction and the second direction from
voting results obtained by the neighbor searching and voting
unit; an order determiming unit configured to determine a
raster order for the part of the dot marks based on the first
direction and the second direction determined by the direc-
tion detecting unit; and a code detecting unit configured to (1)
obtain coordinate values of the part of the dot marks, (11)
determine lattice points based on the obtained coordinate
values of the part of the dot marks and the raster order, and
(111) detect a relative position of each of the lattice points to a
closest dot mark among the part of the dot marks according to
the raster order, thereby encoding the read part of the dot
marks to provide the positional information.

This makes it possible to detect code information with a
less computational complexity than the conventional con-
figuration and to make a robust estimate.

Also, for example, the neighbor searching and voting unit
may vote on, as the coordinate values, probability density
functions having a distribution within a predetermined range
from the calculated coordinate values.

Further, for example, the direction detecting unit may
search for a plurality of maximal points with a large voting
value from the voting results and determine an alignment
direction of at least two points out of the maximal points that
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4

have been searched for and the reference point, thereby deter-
mining the first direction and the second direction.

Moreover, for example, the direction detecting unit may
extract four points closest to the reference point from the
maximal points that have been searched for, identily two pairs
of two points aligned on both sides of the reference point out
ol the four points and determine alignment directions of the
identified two pairs of the two points to be the first direction
and the second direction.

Additionally, for example, the direction detecting unit may
search for the maximal points with the large voting value by
threshold-processing the voting results in the two dimen-
sional plane.

Furthermore, for example, the direction detecting unit may
search for the maximal points with the large voting value by
filtering the voting results 1n the two dimensional plane.

Also, for example, the code detecting unit may calculate
ideal lattice points, assuming that the ideal lattice points are
associated with the raster order and that the part of the dot
marks are arranged with a predetermined fixed value; calcu-
late a projective transformation matrix for transforming a
coordinate system of the part of the dot marks 1nto a coordi-
nate system of the 1deal lattice points, while assuming that the
part of the dot marks includes a displacement from the virtual
lattice points; perform a projective transformation on coordi-
nates of each of the part of the dot marks using the projective
transformation matrix so as to obtain post-transiormation
coordinates; and detect a relative position of each of the i1deal
lattice points to a closest dot mark among dot marks indicated
by the obtained post-transformation coordinates according to
the raster order, thereby encoding the read part of the dot
marks to provide the positional information.

Further, for example, the code detecting unit may linearly
approximate the part of the dot marks to plural lines of dot
marks that are arranged along the first direction and the sec-
ond direction, according to the raster order of the dot marks
determined by the order determining unit, determine points of
intersection of straight lines obtained by the linear approxi-
mation 1n the first direction and the second direction to be the
lattice points, and detect the relative position of each of the
determined lattice points to the closest dot mark according to
the raster order, thereby encoding the read part of the dot
marks to provide the positional information.

It should be noted that these general and specific aspects
may be realized by a method or a program.

The following 1s a specific description of a code reading
device and a code reading method according to one aspect of
the present invention, with reference to accompanying draw-
ngs.

Incidentally, each embodiment described below will 1llus-
trate one specific example of the present invention. The
numerical values, shapes, structural elements, steps, the pro-
cessing order of the steps, etc. shown in the following
embodiment are mere examples and therefore do not limit the
present invention. Further, among the structural elements in
the following embodiment, the one not recited in any inde-
pendent claim exhibiting the most generic concept will be
described as an arbitrary structural element.

Embodiment

FIG. 1 illustrates a configuration of an mput apparatus 1
including a code reading device 12 1n an embodiment of the
present invention. FIG. 2 1s a block diagram of the input
apparatus 1 in the present embodiment.

As shown 1 FIGS. 1 and 2, the input apparatus 1 has an
optical digital pen 10 and a tablet terminal 20.
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The optical digital pen 10 1s a pen-type terminal that reads
a part of a plurality of dot marks (hereinaftter, also referred to
as “DMs”") located 1n a predetermined arrangement. The opti-
cal digital pen 10 includes a camera 11, the code reading
device 12, a storage unit 13 and a communication unit 14.

The camera 11 1s disposed in the optical digital pen 10 such
that its optical axis corresponds to an axis of the optical digital
pen 10, and captures and generates an 1mage of an object
located 1n front of a tip of the optical digital pen 10. Also, the
camera 11 has a lens that 1s configured so that, when the tip of
the optical digital pen 10 1s brought into contact with an object
surface, focus 1s achieved on this object surface, and captures
an 1mage of the object surface with which the pen tip 1s 1n
contact. For example, 1n FIG. 1, an image of a region A1l at the
tip of the optical digital pen 10 1s captured. Note that the
camera 11 need not be configured so that focus 1s achieved
exactly on the object surface with which the pen tip 1s 1n
contact. Instead, the camera 11 may be configured so as to
obtain the 1mage of the focused object surface as long as the
pen tip 1s within a predetermined range even not 1n contact
with the object surface. Additionally, the camera 11 1n the
present embodiment may be, for example, an infrared camera
capturing only infrared rays outside a visible light wavelength
range.

The code reading device 12 reads a part of a plurality of dot
marks from the object image captured by the camera 11 and
encodes (converts) that part of the dot marks to provide posi-
tional information indicated thereby. Incidentally, the dot
marks are provided in advance on an object that 1s designed
for drawing on (in the present embodiment, an entire display
surface of a display unit 21 of the tablet terminal 20) and
located 1n a predetermined arrangement. The dot marks are
arranged 1n a predetermined matrix arrangement at positions
displaced 1n a first direction or a second direction from virtual
lattice points that are specified by the first direction and the
second direction. Also, the dot marks are drawn with a mate-
rial that absorbs infrared rays outside the visible light wave-
length range so as not to atfect the quality of an 1image to be
displayed by the tablet terminal. Thus, the dot marks 1n the
image captured by the camera 11 have a gain close to O
(namely, are i black dots). Further, the part of the dot marks
whose 1mage 1s captured by the camera 11 1s smaller in
number than the plurality of the dot marks provided on the
entire display surface of the display unit 21 of the tablet
terminal 20. More specifically, the code reading device 12 1s
a processing unit that 1s embodied by a processor such as a
CPU or a microprocessor, a program for that processor to
realize a function as the code reading device 12, or the like.
The program 1s stored in a ROM (Read Only Memory), for
example.

FI1G. 3 1s a diagram for describing an image of the plurality
of dot marks captured by the optical digital pen 10 on the
region Al 1n the display surface of the display unit 21 of the
tablet terminal 20 1n FIG. 1. Here, (a) n FIG. 3 shows a
position of the region Al 1n the display surface of the display
unit 21 of the tablet terminal 20. Then, (b) 1n FIG. 3 shows an
arrangement ol the plurality of dot marks in the region Al
whose 1mage 1s captured by the camera 11.

As shown 1 (b) of FIG. 3, for example, the size of the
region A1 whose 1mage 1s captured by the camera 11 1s set
such that an 1mage of substantially 9x9 dot marks can be
captured. At this time, the code reading device 12 narrows the
captured image of the region A1 down to aregion A2 that1s 1n
the vicinity ol 1ts center and includes 4x4 dot marks, and reads
the 4x4 dot marks as the part of the dot marks. In other words,
the code reading device 12 reads 4x4 dot marks whose image
1s captured by the optical digital pen 10 among a large number
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of dot marks provided on the entire display surface of the
display unit 21 of the tablet terminal 20, and encodes the 4x4
dot marks to provide positional information indicating a posi-
tion on the object for drawing on indicated by the 4x4-dot-
mark-arrangement using the method described referring to
FIG. 4. It should be noted that an arrangement pattern of the
dot marks read by the code reading device 12 1s not limited to
4x4 but may have an increased number such as 6x6, 8x8, etc.
By increasing the number of dot marks to be read, the posi-
tional information obtained by the encoding can be made
more redundant and thus less vulnerable to disturbances, so
that it becomes possible to 1dentily positions in the display
unit 21 of the optical digital pen 10 from the positional infor-
mation obtained by the encoding. Also, the arrangement pat-
tern of the dot marks need not have a 1 to 1 ratio between the
vertical number and the horizontal number of the dot marks
but may have other ratios, for example, 3x3, 4x9, etc.

The storage unit 13 1s, for example, a RAM (Random
Access Memory) that temporarily stores an object image
captured by the camera 11, positional information obtained
by the encoding performed by the code reading device 12, eftc.
Further, the storage umit 13 may include a ROM that stores a
program executed by the code reading device 12.

The communication unit 14 transmits information to and
receives miformation from the tablet terminal 20. More spe-
cifically, the communication unit 14 transmits the positional
information stored in the storage unit 13 or the positional
information obtained by the encoding performed by the code
reading device 12 to the tablet terminal 20. The communica-
tion unit 14 transmits information to and receives information
from a communication unit 24 of the tablet terminal 20 via
wireless communication such as Bluetooth (R) or a wireless
LAN.

The tablet terminal 20 1s constituted by the display unit 21,
a display control unit 22, a storage unit 23 and the commu-
nication unit 24.

The display unit 21 displays an image generated by the
display control unit 22 and may be, for example, a liquid
crystal display, an organic EL display or the like.

The display control unit 22 1s a processing unit that 1s
embodied by a processor such as a CPU or a microprocessor,
a program for receiving an input based on the positional
information transmitted from the optical digital pen 10 and
generating an image to be displayed on the display unit 21, or
the like. The program 1s stored 1n a ROM, for example.

The storage unit 23 1s, for example, a RAM that tempo-
rarily stores information such as image information ndicat-
ing an 1image generated by the display control unit 22, the
positional information obtained from the communication unit
24, etc. Further, the storage unit 23 may include a ROM that
stores a program executed by the display control unit 22.

The communication unit 24 transmits information to and
receives information from the communication unit 14 of the
optical digital pen 10 via wireless communication such as
Bluetooth (R) or a wireless LAN. More specifically, the com-
munication unit 24 receives the positional information trans-
mitted from the optical digital pen 10. Incidentally, the com-
munication carried out by the communication units 14 and 24
need not be wireless communication but may be wired com-
munication.

FIG. S1llustrates a configuration of the code reading device
12 1n the embodiment of the present mvention. The code
reading device 12 includes a dot mark coordinate group
obtaining unit 200 and a code reading unit 210. Further, the
code reading unit 210 includes a neighbor searching and
voting unit 211, a direction detecting unit 212, an order deter-
mining unit 213 and a code detecting unit 214.
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The dot mark coordinate group obtaining unit 200 obtains
a dot mark coordinate group from 4x4 dot marks in the region
A2 1 1image data D1 indicating an 1mage of 9x9 dot marks
captured by a camera or the like. The dot mark coordinate
group 1s composed ol coordinates of center positions (here- 5
inafter, referred to as “center coordinates”) of respective ones
of the 4x4 dot marks 1n the region A2 detected by an image
processing (for example, detection of center coordinates by
binarization and labeling, etc.).

When the code reading unit 210 receives the dot mark 10
coordinate group irom the dot mark coordinate group obtain-
ing unit 200, it estimates a lattice frame serving as a reference
tor encoding. The code reading unit 210 carries out the encod-
ing by the method described 1n FIG. 4 according to a relative
position of a closest dot mark to each of a plurality of lattice 15
points specified by the estimated lattice frame.

Code results D2 are code data outputted from the code
reading unit 210. These code results D2 are decoded accord-
ing to a specific law, thereby extracting coordinates Pn (Xn,
Yn) on the display surface of the display unit 21 shown in 20
FIG. 3, for example. It should be noted that not only the
positional information but also an ID of a terminal for draw-
ing on may be embedded 1n the code results D2. That 1s to say,
in this case, information capable of identifying the terminal
for drawing on 1s indicated by the arrangement of the dot 25
marks. Moreover, since the terminal ID can be added easily
not only to the terminal for drawing on but also the code
reading device 1tself, collaboration 1s possible while sharing a
single terminal for drawing on among a plurality of reading
devices 1n an electronic educational material, a teleconfer- 30
ence, €lc.

Now, the code reading unit 210 will be described 1n detail
with reference to FIGS. 5, 6A to 6E. FIG. 6A 1s a flowchart
showing a process flow in the present embodiment.

When the neighbor searching and voting unit 211 receives 35
the dot mark coordinate group from the dot mark coordinate
group obtaining unit 200, it searches for eight neighboring dot
mark positions for each of the center coordinates of the dot
marks indicated by that dot mark coordinate group and votes
on them 1n a two dimensional plane (S101). 40

The direction detecting unit 212 detects a plurality of
points having a high voting value from the result of voting in
the two dimensional plane processed by the neighbor search-
ing and voting unit 211 and determines a first direction and a
second direction based on the detected points (S111). It 45
should be noted that the first direction and the second direc-
tion serve as a reference of a raster order for reading the 4x4
dot marks and cross each other.

From the first direction and the second direction deter-
mined by the direction detecting unit 212, the order determin- 50
ing unit 213 creates a provisional lattice frame having a
position of one of the 4x4 dot marks as a reterence. Then, the
order determining unit 213 searches for a dot mark closest to
cach lattice point in the created provisional lattice frame,
thereby determining the raster order for processing the 4x4 55
dot marks (S121).

From the raster order determined by the order determining,
unit 213 and the dot mark coordinate group obtained by the
dot mark coordinate group obtaining unit 200, the code
detecting unit 214 estimates a lattice frame serving as a ref- 60
erence for encoding (heremafiter, referred to as a “reference
lattice frame”) in which 4x4 dot marks are arranged regularly
in a lattice pattern. The code detecting unit 214 calculates a
transformation matrix (considering the three-dimensional
distortion, a projective transformation matrix) from the dot 65
marks to the reference lattice frame. Thereafter, encoding 1s
performed from a difference amount between each lattice
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point 1n the reference lattice frame and a value obtained by
actual projective transformation of the dot mark (S131).

Next, the neighbor searching and voting process (S101)
will be described 1n detail, with reference to FIGS. 6B and 7.
FIG. 6B 1s a flowchart showing a tlow of the neighbor search-
ing and voting process in the embodiment of the present
invention.

First, when the neighbor searching and voting process
(5101) 1s started, the neighbor searching and voting unit 211
looks at one of the inputted dot marks and searches for eight
neighboring dot marks close to the targeted dot mark (5102).

After searching for the eight neighboring dot marks 1n Step
5102, the neighbor searching and voting unit 211 transforms
coordinates of the eight neighboring dot marks that have been
searched for into those 1n a coordinate system whose origin
corresponds to coordinates of the targeted dot mark, thus
voting on the transformed coordinates of the eight neighbor-
ing dot marks (S103).

Following the voting 1n Step S103, the neighbor searching
and voting unit 211 determines whether the voting has been
carried out for all the dot marks indicated by the inputted dot
mark coordinate group (5104).

Then, 1f the voting 1s not determined to be carried out for all
the dot marks (5104: No), the neighbor searching and voting
unit 211 looks at a subsequent dot mark and returns to Step
S5102. It the voting 1s determined to be carried out for all the
inputted dot marks (S104: Yes), the neighbor searching and
voting unit 211 ends the neighbor searching and voting pro-
CEesS.

Referring to FIG. 7, the neighbor searching and voting
process will be described further.

FIG. 7 1s a diagram for describing a neighbor searching
process by the neighbor searching and voting unit 211 1n the
code reading device 12 1n the present embodiment. Here, (a)
in FI1G. 7 1s a part of a dot mark coordinate group of a plurality
of dot marks in an image captured at certain timing and shows
eight neighboring dot marks 1n the case where the targeted dot
mark 1s a dot mark 401. The neighbor searching and voting
unit 211 searches for e1ght neighboring dot marks for each of
the 4x4 dot marks. Then, the neighbor searching and voting
unmt 211 calculates coordinate values of the eight neighboring
dot marks that have been searched for, with each of the 4x4
dot marks serving as a reference point (namely, an origin).
Further, for each of the 4x4 dot marks, the neighbor searching
and voting unit 211 votes on the calculated coordinate values
of the eight individual neighboring dot marks 1n a two dimen-
sional plane. Now, (b) in FIG. 7 shows the two dimensional
plane after the neighbor searching and voting process 1s car-
ried out on all the dotmarks 1n the dot mark coordinate group.
In (b) of FIG. 7, the voting results are expressed 1n the two
dimensional plane such that their color becomes darker with
increasing voting frequency. For example, when looking at
the dot mark 401 shown 1n (a) of FIG. 7, the voting result on
a neighboring dot mark 402 to its immediate lett 1s shown as
a position 412 at the time of voting a position of the neigh-
boring dot mark 402 relative to the dot mark 401 with respect
to an origin 411 of a two dimensional plane 410 shown 1n (b)
of FIG. 7.

Here, (d) in FI1G. 7 1s a part of a dot mark coordinate group
of a plurality of dot marks 1n an 1mage captured at another
timing and shows eight neighboring dot marks 1n the case
where the targeted dot mark 1s a dot mark 431. Further, (¢) in
FIG. 7 shows voting results on the two dimensional plane
when the eight neighboring dot marks have the relationship as
shown 1n (d) of FIG. 7.

Incidentally, 1n the neighbor searching and voting process,
votes are casted discretely when casted as points, so that
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cumulative values of the voting results cannot be obtained
casily. Thus, the neighbor searching and voting unit 211 may
cast votes using, as the coordinate values, probability density
functions having a distribution within a predetermined range
from the calculated coordinate values. In this case, the coor-
dinate values are displaced mainly due to code patterns and
optical distortions. Considering the dot marks stochastically,
those code patterns and optical distortions have certain regu-
larity and can be dealt with by probability density expression.
For example, using a table as shown 1n (¢) of FIG. 7, for
coordinates of one dot mark, the dot mark existence probabil-
ity may be expressed as a normal distribution from the center
of the dot mark. In this case, for coordinates of one dot mark,
voted on 1s a distribution (function) that has the largest voting,
value at the center and an outwardly decreasing voting value
within a predetermined range with respect to center coordi-
nates of this dot mark, for example, a normal distribution. In
this manner, by voting on the function having a distribution
within a predetermined range, the discrete voting can be
reduced, making it easier to obtain the cumulative values of
the voting results. In other words, the cumulative value of the
voting result 1s largest at a position to which coordinates that
are voted on are located closest and in which the number of
such coordinates 1s largest. It should be noted that the “voting
value” here refers to a value obtained by cumulating all the
neighboring dot marks that have been searched for with
respect to each of the plurality of dot marks. Incidentally, to
“cumulate” here may also be expressed as to “sum,” “add” or
“accumulate.” In other words, to “vote on” may also be
expressed as any of to “cumulate,” “sum,” “add” and “accu-
mulate.”

Here, the advantage of the estimation by voting lies 1n the
utilization of the constraint that the positional relationship
between one dot mark and another 1s basically an evenly
spaced lattice-like arrangement, though dot marks may be
slightly displaced from a predetermined lattice frame for
expressing signs. In other words, 1n the estimation by voting,
if eight neighboring dot marks of each of the plurality of dot
marks 1n the dot mark coordinate group are voted on, they are
voted on at substantially the same positions. Thus, even when
the dot mark coordinate group was obtained in a two-dimen-
sionally or three-dimensionally distorted state due to an
image capturing condition of the camera 11 in the optical
digital pen 10, 1t would be possible to obtain intended voting
results as shown 1n (b) and (e) of FIG. 7.

Also, even when an erroneous dot mark including noise or
the like was detected and mputted, 1t would be possible to
make arobust estimation capable of statistically removing the
erroneous dot mark. Further, by casting votes using the prob-
ability density, a vicinity of the center will exhibit a high
probability (voting value), thus achieving an effect of absorb-
ing the dot mark displacement from a predetermined lattice
frame for expressing signs, a measuring error of the center of
a dot mark, etc.

Next, the direction detecting process (S111) will be
described 1n detail, with reference to FIGS. 6C and 8. FIG. 6C
1s a flowchart showing a flow of the direction detecting pro-
cess 1n the embodiment of the present invention. FIG. 8 1llus-
trates the direction detecting process (S111), in which (a)
shows voting results in the two dimensional plane, (b) shows
binary images, (¢) shows barycentric positions of the binary
images, (d) shows candidate points for determining a {first
direction and a second direction, and (e) shows a first direc-
tion vector 504 and a second direction vector 505.

First, when the direction detecting process (S111) 1s
started, the direction detecting unit 212 carries out a threshold
processing to binarize the voting results on the two dimen-
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sional plane (S112). At this time, the threshold may be a fixed
value that has been adjusted, or the binarization may be car-
ried out utilizing the discriminant analysis method (the Oht-
su’s method), the p-tile method (X % of the cumulative fre-
quency of a histogram of the voting values 1s set as the
threshold) or the like. Also, since most of the voting results on
the two dimensional plane are 1n a region with zero voting
value, 1t may be possible to automatically determine the
threshold while excluding the region with zero voting value.
For example, the voting results on the two dimensional plane
as shown 1n (a) ol FIG. 8 are binarized using a certain thresh-
old to achieve results expressed as (b) of FIG. 8.

After the binarization, the direction detecting unit 212
identifies 1individual regions by image processing labeling
(region splitting method) or the like and calculates barycen-
tric positions of these individual regions for the purpose of
estimating a vicinity of a peak value of the voting values
(S113). More specifically, the direction detecting unit 212
identifies a plurality of blackened regions shown in (b) of
FIG. 8 and calculates the barycentric position of each of the
blackened regions to obtain the positions shown in (¢) of FIG.
8, for example.

After calculating the barycentric positions in Step S113,
the direction detecting unit 212 searches for four points close
to the center (1.e., the ongin (reference point)) of the two
dimensional plane and uses them as candidate points for
determining the first direction and the second direction
(S114). For example, among the eight barycentric positions
shown 1n (¢) of FIG. 8, four barycentric positions close to the
center of the two dimensional plane are indicated as four
points shown 1n (d) 1n FIG. 8.

Following the calculation of the candidate points for deter-
mining the first direction and the second direction, the direc-
tion detecting unit 212 calculates two pairs of two points from
the combination of the four points, determines a first direction
pair and a second direction pair, and calculates a first direction
vector and a second direction vector from the first direction
pair and the second direction pair, respectively (5115). For
example, when four points mndicated in (d) of FIG. 8 are
given, the direction detecting unit 212 calculates, for each of
the four points, mean coordinates of one point and another
point out of the remaining three points. At this time, if a pair
whose mean coordinates are closest to the center 1s selected,
that pair can be determined to be the first direction pair or the
second direction pair. Accordingly, the second direction vec-
tor 505 may be determined based on the pair whose coordi-
nates have a greater absolute value of a y component, and the
first direction vector 304 may be determined based on the
remaining pair, for example. It should be noted that, 1n this
case, the first direction may be determined to be a horizontal

direction and the second direction may be determined to be a
vertical direction.

In short, 1n the direction detecting process, the direction
detecting unit 212 searches for a plurality of maximal points
with a large voting value from the voting results 1n the neigh-
bor searching and voting process and determines an align-
ment direction of at least two points out of the maximal points
that have been searched for and the center (origin (reference
point)) of the two dimensional plane, thereby determining the
first direction and the second direction. More specifically, the
direction detecting unit 212 extracts four points closest to the
center (origin (reference point)) on the two dimensional plane
from the maximal points that have been searched for, 1dent-
fies two pairs of two points aligned on both sides of the center
of the two dimensional plane out of the four points, and
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determines the alignment directions of the identified two
pairs of the two points to be the first direction and the second
direction, respectively.

Although the maximal values of the voting values (the
candidate points for detecting the first direction and the sec-
ond direction) have been determined using the binarization
and labeling by the threshold processing, how to determine
the maximal values of the voting values 1s not limited to the
above but may be a method of determiming the maximal
values by another filtering using a maximum filter or the like.
Conversely, after determining the candidate points for detect-
ing the first direction and the second direction, it may also be
possible to use them as 1nitial values and precisely determine
the positions of the maximal values by filtering using a maxi-
mum {ilter or the like.

Next, the order determining process (S121) will be
described in detail, with reference to FIGS. 6D and 9. FIG. 6D

1s a flowchart showing a flow of the order determining process

in the embodiment of the present invention. FIG. 9 1llustrates
the order determining process (S121), 1n which (a) of FIG. 9
shows a second direction vector 601 and a first direction
vector 602, (b) of FIG. 9 shows a provisional lattice frame 610
that 1s determined by the order determining process and a
dashed arrow 614 indicating a raster order.

First, when the order determiming process (S121) 1s started,
the order determining unit 213 utilizes the second direction
vector 601 and the first direction vector 602 that have been
determined 1n the direction detecting process and creates a
provisional lattice frame with reference to a certain dot mark
(S122). For example, when the reference of the certain dot
mark 1s a dot mark 611 1n (b) ol FIG. 9, the provisional lattice
frame 610 1s created from the second direction vector 601 and
the first direction vector 602 shown in (a) of FIG. 9.

After creating the provisional lattice frame 610, the order
determining unit 213 searches for a dot mark that 1s closest to
a lattice point in the provisional lattice frame 610 according to
the raster order on the provisional lattice frame 610 (S123).
For example, the dot mark that 1s closest to the lattice point
612 i1s a dot mark 613, and when the raster order 1s defined by
the dashed arrow 614, the dot mark 613 1s processed 1n the
order immediately before the dot mark 611.

Following the searching for the dot mark closest to the
lattice point, the order determining unit 213 determines
whether the searching has been carried out for all the lattice
points (S124). If the searching has not been determined to be
carried out for all the lattice points (S124: No), the order
determining unit 213 returns to Step S123 to perform the
same processing also on the remaining lattice points. It the
searching has determined to be carried out for all the lattice
points (S124: Yes), the order determiming unit 213 ends the
order determining process. In this way, the order determining
unit 213 determines the raster order for the 4x4 dot marks
based on the first direction and the second direction detected
by the direction detecting unmt 212.

Although the raster order for the dot marks has been
defined by the dashed arrow 614, there 1s no limitation to this
order. Further, even when a camera capturing an image of the
dot marks 1s rotated 1n 90-degree increments about 1ts optical
axis, 1t 1s still difficult to determine its orientation from the
alignment of the dot marks. Therefore, in practice, 1t may be
possible to adopt a method of preparing about four raster
orders that are rotated 1n 90-degree increments, decoding
encoded values in each of the four raster orders, and taking the
most effective information among the decoded information
(in other words, the information that 1s correctly decoded as
positional information).
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Next, the code detecting process (S131) will be described
in detail, with reference to FIGS. 6E and 10. FIG. 6F 1s a
flowchart showing a flow of the code detecting process 1n the
embodiment of the present invention. FIG. 10 illustrates the
code detecting process (S131), 1n which (a) shows a raster
order and dot marks that have been detected. Further, (b) 1n
FIG. 10 shows a state where a plurality of dot marks having no
rotational distortion are arranged 1deally 1n a horizontal direc-
tion and a vertical direction with a fixed value 712. Also, (¢)
in FIG. 10 shows displacement of dot marks obtained by
projective transformation of a plurality of dot marks arranged
in the raster order from the 1deally arranged dot marks. Addi-
tionally, (d) 1n FIG. 10 shows results of encoding the indi-
vidual dot marks.

First, when the code detecting process (S131) 1s started, the
code detecting unit 214 calculates, from the dot marks
arranged 1n the raster order (which are defined as pre-projec-
tive transtformation DM positions P1), corresponding DMs
that have no rotational distortion and are arranged 1deally 1n
the horizontal and vertical directions with the fixed value 712
(which are defined as post-projective transformation DM
positions P2) (S132). In other words, the code detecting unit
214 calculates the DM positions P2, which are dot mark
positions to serve as post-projective transformation positions.
Here, the first direction and the second direction detected by
the direction detecting unit 212 correspond to the horizontal
direction and the vertical direction, respectively.

If there are at least four points of the DM positions P1 and
the DM positions P2 that have been brought 1nto correspon-
dence with each other in the raster order, the code detecting
unmit 214 calculates a projective transformation matrix H for
performing projective transformation from the DM positions
P1 to the DM positions P2 using a pseudo inverse matrix or
the like (S133). An exemplary projective transformation
matrix H can be expressed by a 3x3 matrix as shown in
Formula 1 below.

|Formula 1]

(g0 ho1  Fig
o A1l Ao
oo A 1)

(Formula 1)

Thus, the projective transformation formula 1s Formula 2
below.

|Formula 2]
( P2lil.x ([ hoo For Fox Y Plli]l.x) (Formula 2)
s| P2Lil.y | = o A Az || PLLEY
. 1 ) \hy Ay 1T A 1 )

At this time, the code detecting unit 214 may calculate the
projective transformation matrix by a nonlinear least square
error or the like instead of the method using the pseudo
inverse matrix.

Here, for example, when looking at a dot mark 701 (P1[0])
located at the DM position P1, a corresponding dot mark
located at the DM position P2 1s a dot mark 711 (P2[0]).

After calculating the projective transformation matrix H,
the code detecting unit 214 carries out projective transforma-
tion on the DM positions P1 with the projective transforma-
tion matrix H and, as a result, obtain DM positions P3 (S134).
Now, for example, a dot mark obtained by actually transform-



US 9,129,171 B2

13

ing the dot mark 701 (P1[0]) located at the DM position P1
with the projective transformation matrix H 1s a dot mark 721
(P3[0]) at the DM position P3.

Following the calculation of the DM position P3, relative
positions of the dot marks at the DM positions P3 to the dot
marks at the DM positions P2 that have no rotational distor-
tion and are arranged 1deally in the horizontal direction and
the vertical direction with the fixed value 712 are determined
and encoded (S135). For example, when looking at the dot

mark 721 (P3[0]) from the dot mark 711 (P2[0]), the dot mark
721 1s located above the dot mark 711. Thus, by using a
relationship 730 between DM shifting directions and code
values, the code values are derived to be 0. In this manner, a
result 740 of encoding the individual dot marks 1s obtained as
shown in FIG. 10. Finally, the individual code values are
arranged in the raster order, so that a code string 741 1s
outputted.

In short, the code detecting unit 214 calculates coordinates
ol 1deal lattice points that are associated with the raster order
and arranged with a predetermined fixed value. Then, the
code detecting unit 214 calculates the projective transforma-
tion matrix H for transforming each of the 4x4 dot marks 1nto
the coordinates of the 1deal lattice points corresponding to the
raster order of that dot mark. Thereafter, the code detecting,
unit 214 determines the relative position by comparing the
coordinates obtained by projective transformation of coordi-
nates of a part of the dot marks with the coordinates of the
1ideal lattice points for those dot marks. Then, the code detect-
ing unit 214 determines the positions of the determined 4 x4
dot marks relative to their lattice points 1n the raster order,
thereby encoding the read 4x4 dot marks to provide the posi-
tional information thereof.

When calculating the projective transformation matrix H,
the DM positions P1, which are positions of the pre-projective
transformation dot marks, are assumed to include some error,
and then a point having no error with respect to the DM
position P1 1s calculated, followed by the calculation as the
projective transformation from the point having no error.
Accordingly, although the present embodiment has explained
that the projective transformation matrix H for the projective
transformation from the points including a lattice point dis-
placement (1.e., points including an error) to the DM positions
P2 1s calculated before the projective transformation, a matrix
transformation from the points including no lattice point dis-
placement to the DM positions P2 1s performed 1n practice. In
the case of assuming that the error 1s included when calculat-
ing the projective transformation matrix as above, it all comes
down to the optimization problem of determining a parameter
mimmizing the error. The projective transformation matrix

may be calculated by a generally known least squares method
or using a RANSAC (RANdom SAmple Consensus) algo-

rithm.

The above description has been directed to a processing
carried out by the code reading device 12 in the present
embodiment.

As described above, the code reading device according to
the present invention does not make a Fourier analysis, eftc.
unlike conventional devices. Theretfore, the code information
can be detected with a reduced computational complexity.
Also, since the lattice points are estimated by voting, statis-
tically correct estimation would be possible even when the
dot mark coordinate group was obtained 1n a two-dimension-
ally or three-dimensionally distorted state due to an 1mage
capturing condition of the camera or even when an erroneous
dot mark including noise or the like was mputted. In other
words, 1t would be possible to make a robust estimation.
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(Variations)

Although the description has been based on the above
embodiment, it 1s needless to say that the present invention 1s
by no means limited to the above embodiment. The following
cases will also fall within the scope of the present invention.

(1)

The embodiment described above has used the projective
transformation matrix in the code detecting process. How-
ever, there 1s no limitation to this. For example, in FIG. 8, the
dot marks arranged 1n the order of dashed arrow 801 indicat-
ing the raster order are linearly approximated in each of the
first and second directions, and the linearly-approximated
lattice points may be used as a reference point for the encod-
ing. In other words, 1f the raster order i1s determined, 1t 1s
possible to specily the first and second directions, which are
directions 1n which the dot marks are arranged. Therefore, the
lattice points may be determined by linear approximation in
cach of rows and columns of the dot marks arranged 1n a
matrix along the first and second directions. In short, as long
as the coordinate values of a part of the dot marks and the
raster orders determined for these dot marks are specified, 1t
may be possible to estimate the lattice points from the rela-
tionship between the coordinate values of the part of the dot
marks and the raster orders without any limitation to the
projective transformation using the projective transformation
matrix.

When the lattice points are estimated, a dot mark 805 that
1s looked at from a lattice point 804 1n a lattice frame consti-
tuted by a linear approximation result 802 along a longitudi-
nal direction and a linear approximation result 803 along a
transverse direction 1s, for example, upwardly displaced and
thus may be assigned a code value of O.

In other words, the code detecting unit 214 may linearly
approximate the 4x4 dot marks to plural lines of dot marks
that are arranged along the first direction and the second
direction according to the raster order of the dot marks deter-
mined by the order determining unit 213, determine points of
intersection of straight lines obtained by the linear approxi-
mation 1n the first and second directions as lattice points, and
detect a relative position of each of the determined lattice
points to the closest dot mark according to the raster order,
thereby encoding the read 4x4 dot marks to provide their
positional information.

(2)

Also, 1 the input apparatus 1 according to the above
embodiment, the code reading device 12 1s included 1n the
optical digital pen 10. However, the code reading device 12
may be included 1in the tablet terminal 20, mnstead. In this case,
the communication unit 14 transmits the 1image data D1 indi-
cating an 1mage captured by the camera 11 of the optical
digital pen 10 to the tablet terminal 20. Then, the code reading
device included 1n the tablet terminal 20 calculates the code
results D2 from the image data D1 mentioned above. Of
course, the code reading device may be configured as a device
separate from the tablet terminal 20. In this case, since con-
figurations such as a processor can be omitted from the optical
digital pen 10, 1t 1s possible to minimize the power consump-
tion of the optical digital pen 10. On the other hand, since the
image data D1, which have a larger data size than the code
results D2, have to be transmitted to an apparatus including
the code reading device, 1t will take longer to forward the
image data D1 compared with the above embodiment.

Further, 1t may be also possible to provide the input appa-
ratus whose tablet terminal 20 has a mere function of the code
reading unit 210 of the code reading device 12 and whose
optical digital pen 10 has a mere function of the dot mark
coordinate group obtaining unit 200. When the input appara-
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tus 1s configured as described above, coordinate group data
obtained by transforming the image data D1 into the dotmark
coordinate group in the optical digital pen are transmitted to
the tablet terminal. In this way, the coordinate group data that
have been transformed to have a smaller data size than the
image data D1 are transmitted, so that a shorter forwarding
time 1s needed compared with the case of forwarding the
image data D1. Moreover, the processing amount by the
optical digital pen consists only of that by the dot mark
coordinate group obtaining unit 200 and 1s thus smaller than
that 1n the embodiment described above. Accordingly, 1t 1s
possible to lower the capability of the processor and reduce
the power consumption thereof compared with the case 1n the
embodiment described above.

(3)

Further, 1n the mput apparatus 1 according to the embodi-
ment described above, the object for drawing on 1s a display
surface of the display unit 21 of the tablet terminal 20, and this
display surface i1s provided with a plurality of dot marks.
However, there 1s no limitation to the above, and the object for
drawing on may be a sheet of paper provided with a plurality
of dot marks. In the case where the object for drawing on is a
sheet of paper or the like, an ID for identifying a document
tormat that 1s printed 1n advance on the sheet of paper may be
embedded 1n the code results D2 to be obtamned. When the
document format 1s 1dentified in this way, the contents

described 1n the document having that format can be con-
verted to data.

(4)

Further, the tablet terminal 20 of the mput apparatus 1
according to the embodiment or variations described above
may be an information terminal such as a PC (Personal Com-
puter).

()

Additionally, an ID for individual recognition can be easily
added also to the code reading device 1tself on software. This
makes it possible to distinguish information about who has
written what, which cannot be realized by any pens of an
clectromagnetic induction type or a resistive film type. For
example, when a plurality of users write with a pen on a tablet
terminal displaying a meeting material, characters of their
handwritten text can be displayed with different colors cor-
responding to the idividual users, making it easier to later
distinguish who has written the text and convert the text into
an electronic form.

(6)

The present invention may be a method for executing an
application disclosed by processing procedures described 1n
the above embodiment. Also, the present invention may be a
computer program including a program code causing a com-
puter to operate according to the processing procedures.

(7)

The present invention can be implemented also as an LSI
tor controlling the code reading device described 1n the above
embodiment. Such an LSI can be realized by integrating
individual functional blocks such as the neighbor searching
and voting unit 211, the direction detecting unit 212, etc. Each
ol these functional blocks may be formed as a single chip, or
a part or all of these functional blocks may be formed as a
single chip.

Here, the LLSI has been mentioned. However, it 1s some-
times referredto as an IC, a system LLSI, a super LSI or an ultra
L.SI depending on 1ts integration degree.

Further, a technique for providing an integrated circuit 1s
not limited to LSIs but may be a dedicated circuit or a general
purpose processor. It may also be possible to utilize an FPGA
(Field Programmable Gate Array) that can be programmed
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after the LSI production and a reconfigurable processor that
can reconfigure the connection and settings of a circuit cell

inside the LS.

Needless to say, 1f the development of a semiconductor
technology or a separate technology derived therefrom brings
about any circuit integration technology to replace the LSI,
such a circuit integration technology may be used to integrate
the functional blocks and members. There 1s a possibility that
such a circuit integration technology can be achieved by a
biotechnology application or the like.

(8)

The above-described embodiment and the above-de-
scribed variations may be combined individually.

INDUSTRIAL APPLICABILITY

The code reading device according to the present invention
1s useful because 1t obtains code information with a reduced
computational complexity, thus making 1t possible to reduce
the size and power consumption of the code reading device.
For example, an optical digital pen or the like that estimates
the coordinates of a pen tip from the code information allows
the miniaturization of a pen itself.

REFERENCE SIGNS LIST

1 Input apparatus

10 Optical digital pen

11 Camera

12 Code reading device

13 Storage unit

14 Communication unit

20 Tablet terminal

21 Display unit

22 Display control unit

23 Storage unit

24 Communication unit

101 Relationship

102 Lattice point

103 Dot mark

104 Code value

110 Pattern

111 Dashed arrow

112 Dot mark

113 Encoding result

114 Code string

120 Pattern

200 Dot mark coordinate group obtaining unit
210 Code reading unait

211 Neighbor searching and voting unit
212 Direction detecting unit
213 Order determining unit
214 Code detecting unit

401, 431, 611, 613, 701, 711, 721, 805 Dot mark
402 Neighboring dot mark
410 Two dimensional plane
411 Origin

412 Position

504, 602 First direction vector
505, 601 Second direction vector
610 Provisional lattice frame
612, 804 Lattice point

614, 801 Dashed arrow

712 Fixed value

730 Relationship

740 Encoding result

741 Code string
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802, 803 Linear approximation result
D2 Code result

P1, P2, P3 DM Position

The mvention claimed 1s:
1. A code reading device that reads a part of a plurality of

dot marks located in a predetermined matrix arrangement
displaced 1n a first direction or a second direction crossing the
first direction from virtual lattice points specified by the first
direction and the second direction and converts the read part
of the dot marks to positional information indicating a posi-
tion of the part of the dot marks, the device comprising:

a neighbor searching and voting unit configured to, for
cach of the part of the dot marks, (1) search for at least
four neighboring dot marks, (11) calculate coordinate
values of the at least four neighboring dot marks that
have been searched for, using each of the part of the dot
marks as a reference point, and (111) accumulate the
calculated coordinate values of the at least four neigh-
boring dot marks 1n a two dimensional plane;

a direction detecting unit configured to determine the first
direction and the second direction from accumulation
results obtained by the neighbor searching and voting
unit;

an order determining unit configured to determine a raster
order for the part of the dot marks based on the first
direction and the second direction determined by the
direction detecting umt; and

a code detecting unit configured to (1) obtain coordinate
values of the part of the dot marks, (11) determine lattice
points based on the obtained coordinate values of the
part of the dot marks and the raster order, and (111) detect
a relative position of each of the lattice points to a closest
dot mark among the part of the dot marks according to
the raster order, thereby converting the read part of the
dot marks to the positional information.

2. The code reading device according to claim 1,

wherein the neighbor searching and voting unit 1s config-
ured to accumulate, as the coordinate values, probability
density functions having a distribution within a prede-
termined range from the calculated coordinate values.

3. The code reading device according to claim 1,

wherein the direction detecting unit 1s configured to search
for a plurality of maximal points with a large accumu-
lation value from the accumulation results and deter-
mine an alignment direction of at least two points out of
the maximal points that have been searched for and the
reference point, thereby determining the first direction
and the second direction.

4. The code reading device according to claim 3,

wherein the direction detecting unit 1s configured to extract
four points closest to the reference point from the maxi-
mal points that have been searched for, identily two pairs
of two points aligned on both sides of the reference point
out of the four points and determine alignment direc-
tions of the identified two pairs of the two points to be the
first direction and the second direction.

5. The code reading device according to claim 3,

wherein the direction detecting unit 1s configured to search
for the maximal points with the large accumulation
value by threshold-processing the accumulation results
in the two dimensional plane.

6. The code reading device according to claim 3,

wherein the direction detecting unit 1s configured to search
for the maximal points with the large accumulation
value by filtering the accumulation results in the two
dimensional plane.
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7. The code reading device according to claim 1,

wherein the code detecting unit 1s configured to:

calculate 1deal lattice points, assuming that the i1deal lattice
points are associated with the raster order and that the
part of the dot marks are arranged with a predetermined

fixed value;

calculate a projective transformation matrix for transform-
ing a coordinate system of the part of the dot marks into
a coordinate system of the ideal lattice points, while
assuming that the part of the dot marks includes a dis-
placement from the virtual lattice points;

perform a projective transformation on coordinates of each

of the part of the dot marks using the projective trans-
formation matrix so as to obtain post-transformation
coordinates; and
detect a relative position of each of the 1deal lattice points
to a closest dot mark among dot marks indicated by the
obtained post-transformation coordinates according to
the raster order, thereby converting the read part of the
dot marks to the positional information.
8. The code reading device according to claim 1,
wherein the code detecting unit 1s configured to linearly
approximate the part of the dot marks to plural lines of
dot marks that are arranged along the first direction and
the second direction, according to the raster order of the
dot marks determined by the order determining unait,
determine points of intersection of straight lines
obtained by the linear approximation in the first direc-
tion and the second direction to be the lattice points, and
detect the relative position of each of the determined
lattice points to the closest dot mark according to the
raster order, thereby converting the read part of the dot
marks to the positional information.
9. A code reading method of reading a part of a plurality of
dot marks that are located 1n a predetermined matrix arrange-
ment displaced 1n a first direction or a second direction Cross-
ing the first direction from virtual lattice points specified by
the first direction and the second direction and converting the
read part of the dot marks to positional information indicating
a position of the part ol the dot marks, the method comprising:
for each of the part of the dot marks, (1) searching for at
least four neighboring dot marks, (11) calculating coor-
dinate values of the at least four neighboring dot marks
that have been searched for, using each of the part of the
dot marks as a reference point, and (111) accumulating the
calculated coordinate values of the at least four neigh-
boring dot marks 1n a two dimensional plane;

determining the first direction and the second direction
from voting accumulation results obtained by the accu-
mulating;

determinming a raster order for the part of the dot marks

based on the first direction and the second direction
determined by the determining of the first direction and
the second direction; and

(1) obtaining coordinate values of the part of the dot marks,

(11) determining lattice points based on the obtained
coordinate values of the part of the dot marks and the
raster order, and (111) detecting a relative position of each
of the lattice points to a closest dot mark among the part
of the dot marks according to the raster order, thereby
converting the read part of the dot marks to the positional
information.

10. A non-transitory computer-readable recording medium
storing a program causing a computer to execute the code
reading method according to claim 9.
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